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(A1) . K $K=$
{1, $\cdot$ . . , K} , T T={1, $\cdot$ .. , T} .
(A2) , . ,
t=l S0K . t,
t+l N(i, t) . , i j
\mu ( ) . $e_{0}$ ,
.
.
, \mbox{\boldmath $\delta$} . ,
, –
. (A4) .
1 $\omega=\{\omega(t), t\in T\}$ , $\omega(t)\in K$ $t\in T$
. , $\sigma=\{\sigma(t), t\in T\}$
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$\sigma(t)$ 0-1 , 1 $t$
, 0 ( ) .
(A3) , \tau .
T={\tau , \tau +1, $\cdot$ . . , T} . t
, $\Phi(t)$ .
1 $\varphi=\{\varphi(i, i), i\in K, t\in T\}$ , $\varphi(i, t)$
t .
(A4) $\rho=(\omega, \sigma)$ $\varphi$ , $1-\exp(-g(\varphi, \rho))$
. g(\mbox{\boldmath $\varphi$}, \rho ) \mbox{\boldmath $\omega$}
. , \mbox{\boldmath $\sigma$}(t)=0
\not\subset i \alpha , , $(\sigma(t)=1)$




S\equiv {0,1} . , ,
, t e(t) . (A2)
, $\omega$ $\sigma$ $\rho=(\omega, \sigma)$
, .
.
$\bullet$ : $\omega(0)\in S_{0}$
$\bullet$ : $\omega(t+1)\in N(\omega(t), t),$ $t=2,$ $\cdots,$ $T$
$\bullet$ : $e(1)=e_{0}$
$\bullet$ : $e(t+1)=e(t)-\mu(\omega(t), \omega(t+1))+\delta\sigma(t),$ $t=1,$ $\cdots,$ $T-1$
$\bullet$ : $\mu(\omega(t), \omega(t+1))\leq e(t),$ $t=1,$ $\cdots,$ $T-1$
, P
. (A3) , \mbox{\boldmath $\varphi$} \Psi .
$\Psi=\{\varphi|\sum\varphi(i, t)\leq\Phi(t), \varphi(i, t)\geq 0, i\in K, t\in\hat{T}\}$ . (1)
$:\in K$
$\varphi$
$\rho=(\omega, \sigma)\in P$ . $t$
\mbox{\boldmath $\omega$}(t) , \mbox{\boldmath $\varphi$}(\mbox{\boldmath $\omega$}(t), t)
, \mbox{\boldmath $\sigma$}(t)=l $\beta_{\omega(t)}\text{ }$ ,
\alpha \mbox{\boldmath $\omega$}( . , .
$g( \varphi, \rho)=\sum\varphi(\omega(t),t)\{\alpha_{\omega(t)}(1-\sigma(t))+\beta_{\omega(t)}\sigma(t)\}$ . (2)
$t\in\ovalbox{\tt\small REJECT}$
, (A4) .
$R( \varphi, \rho)=1-\exp(-\sum_{t\in\hat{T}}\varphi(\omega(t), t)\{\alpha_{\omega(t)}(1-\sigma(t))+\beta_{\omega(t)}\sigma(t)\})$ . (3)
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, , $\rho$ $\pi(\rho)$ $\pi=\{\pi(\rho),$ $\rho\in$
$P\}$ , $\varphi$ $R(\varphi, \pi)=$





2 , 2 ,
.
3.1
\mbox{\boldmath $\pi$} \Sigma \rho \in p\mbox{\boldmath $\pi$}(\rho )=1 ,
.
$\max_{\varphi\in\Psi}\min_{\pi\in\Pi}R(\varphi, \pi)$ $= \max_{\varphi\in\Psi}\min_{\pi\in\Pi}\sum_{\rho}\pi(\rho)R(\varphi, \rho)=\max_{\varphi\in\Psi}\min_{\rho\in P}R(\varphi,\rho)$
$=$ $\max_{\varphi\in\Psi,\zeta}\{\zeta|1-\exp(-g(\varphi, \rho))\geq\zeta, \rho\in P\}$ .
, \eta =ln(l/(l--\mbox{\boldmath $\zeta$})) .
$= \max_{\varphi\in\Psi,\eta}\{1-\exp(-\eta)|g(\varphi, \rho)\geq\eta, \rho\in P\}$
$=1- \exp(-\max_{\varphi\in\Psi,\eta}\{\eta|g(\varphi,\rho)\geq\eta, \rho\in P\})$ (4)
$=1- \exp(-\max_{\varphi\in\Psi,\eta}\{\eta|\sum_{t\in\hat{T}}\varphi(\omega(t), t)\{\alpha_{\omega(t)}(1-\sigma(t))+\beta_{\omega(t)}\sigma(t)\}\geq\eta,$ $(\omega, \sigma)\in p\})$ .
, .
$P^{S}$ : $\max\eta$
$s.t$ . $\sum\varphi(\omega(t), t)\{\alpha_{\omega(t)}(1-\sigma(t))+\beta_{\omega(t)}\sigma(t)\}\geq\eta\varphi,\eta,$ $(\omega, \sigma)\in P$ (5)
$t\in\hat{T}$
$\sum\varphi(i, t)\leq\Phi(t),$ $t\in\hat{T}$ (6)
$|\in K$
$\varphi(i, t)\geq 0,$ $i\in K,$ $t\in\hat{T}$ . (7)
(PS) \eta * , l-exp(-\eta \eta ’)
. , $(P^{S})$ $\varphi^{*}$ .
, (4) , $R( \varphi, \pi)=\sum_{\rho}\pi(\rho)g(\varphi, \rho)$
, .
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$\sum_{t\in\hat{T}}\sum_{i\in K}\sum_{\rho=(\omega,\sigma)\in P}\delta_{i\omega(t)}\pi(\rho)\varphi(i, t)\{\alpha_{1}(1-\sigma(t))+\beta_{i}\sigma(t)\}$
$=$
$\sum_{t\in\hat{T}^{1}}\sum_{\in K}\sum_{\rho=(\omega,\sigma)\in P_{:t}}\pi(\rho)\varphi(i, t)\{\alpha_{i}(1-\sigma(t))+\beta_{i}\sigma(t)\}$
(8)
, Pit t e i ,
$P_{1t}\equiv\{\rho=(\omega, \sigma)\in P|\omega(t)=i\}$ . $\Sigma_{i\in K}\varphi(i, t)\leq\Phi(t)$
, \mbox{\boldmath $\varphi$} .
$\max_{\varphi\in\Psi}R(\varphi,\pi)=\sum_{t\in\hat{T}}\Phi(t)\max\sum_{\rho=(\omega,\sigma)\epsilon P_{*t}}.\pi(\rho)\{\alpha_{i}(1-\sigma(t))+\beta_{i}\sigma(t)\}:\in K^{\cdot}$
(9)
$\max_{1\in K}$ $\nu(t)$ ,
.




$t\in\hat{T},$ $i\in K$ (10)
$\sum\pi(\rho)=1$ (11)
$\rho\in P$
$\pi(\rho)\geq 0,$ $\rho\in P$ . (12)
, (10) \nu (t) .





1 $(P^{S})$ , $(P^{T})$ .
, \mbox{\boldmath $\varphi$}1 , (PS) , (PT) (1
. , \mbox{\boldmath $\pi$}* , (PT)
, (PS) (5) .
3.2
(5), (12) , (PS) (PT) ,
. ,




, \mu ( ), eo
$\delta$ . , $E=\{0,$ $\cdots,$ $e_{0},$ $\cdots,$ $e_{0}+$
$T\delta\}$ . , $(t)$ , (i),
$(e)$ , $(s)$ 4
($i,$ $e$ , s, t) . , s={0,1} .
$\pi(\rho),$ $\rho\in p$ , $(i, e, s, t)$ ,
$q(i, e, s, t)$ , $t+1$ $j$ , H
$v(i, e, s, t,j, r)$ , 2 $q,$ $v$
. , \mbox{\boldmath $\varphi$} . ,
$(i, e, s, t)$ $C(i, e, t)=\{j\in N(i, t)|\mu(i,j)\leq e\}$ ,
(i, e, $s$ , t) t–l ,




$= \sum_{t\in\hat{T}*}.\sum_{\epsilon K}\varphi(i, t)\sum_{\rho=(\omega,\sigma)\in P_{it}}\pi(\rho)\{\alpha_{i}(1-\sigma(t))+\beta_{1}\sigma(t)\}$
$= \sum_{t\in\hat{T}}\sum_{i\in K}\varphi(i, t)(\alpha_{i}.\sum_{\rho\in P_{*t^{\sigma(t)=0}}},\pi(\rho)+\beta_{1}\sum_{\rho\in P_{1t^{\sigma(t)=1}}},\pi(\rho))$ . (13)
$\text{ }\Sigma_{\rho\in P_{:\ell,\sigma(t)=0}}\pi(\rho)\text{ }\Sigma_{\rho\in P_{:\iota,\sigma(t)=1}}\pi(\rho)\text{ }$, ,
$s=0$ $s=1$ $\sum_{e\in E^{q}}(i, e, s, t)$ ,
$q(\cdot)$ .
$R( \varphi, \pi)=\sum_{t\in\hat{T}}\sum_{\dot{\iota}\in K}\varphi(i, t)(\alpha_{i}\sum_{e\in E}q(i, e, 0, t)+\beta_{1}\sum_{e\in E}q(i, e, 1, t))$ . (14)
, ,
. , t
h(t) . (14) , t,
$S=0\text{ _{}\mathrm{D}}^{\mathrm{A}}\}^{}.4\mathrm{L}^{\backslash },\backslash \text{ ^{}\prime}\text{ }\ovalbox{\tt\small REJECT} 1\mathrm{J}^{j}\text{ }$}$\mathrm{h} \varphi(i, t)\alpha_{i}\sum_{e\in E^{q(i,e,0,t)\text{ ^{}x}k\text{ }}},$ $\text{ }\mathrm{f}\mathrm{f}\mathrm{l}$
$s=1$ $\varphi(i, t)\beta_{i}\sum_{e\in E^{q}}(i, e, 1, t)$ , $h(t)$ $h(t+1)$ ,
.
$h(t)$ $=$ $\max_{\varphi\in\Psi}\{$ $\sum_{:\epsilon K}\varphi(i, t)(\alpha_{i}\sum_{e\in E}q(i, e, 0,t)+\beta_{i}\sum_{e\in E}q(i, e, 1, t))+h(t+1)\}$
$=$
$\Phi(t)\max_{i\in K}\sum_{e\in E}(\alpha_{i}q(i, e, 0, t)+\beta iq(i, e, 1, t))+h(t+1)$
. (15)
$\text{ }|^{}\text{ }\mathrm{a}\mathrm{e}\dagger*\sum_{\geq \text{ _{}}X\mathrm{B}^{\mathrm{a}}\text{ }\mathrm{X}\text{ }\mathrm{R},.h(t)\Phi^{\dot{*}\ovalbox{\tt\small REJECT}_{t)\sum_{1\mathrm{h}^{e}}}^{K\varphi(i,t)\leq\Phi(t)\mathrm{t}^{}\mathrm{A}l,\ovalbox{\tt\small REJECT} 1\mathrm{R}\mathrm{B}>\text{ }(15)\mathrm{R}\mathrm{B}\mathrm{i}\infty \mathrm{f}\mathrm{f}\mathrm{l}\text{ }*\iota \text{ }\mathrm{B}_{\grave{\grave{1}}}}}larrow\star \mathrm{f}\text{ }R\text{ }\supset \text{ }f_{\llcorner}^{},\mathrm{a}\mathrm{e}\text{ _{}\backslash }\ovalbox{\tt\small REJECT}_{k\tau\mathrm{B}>\text{ }\Re \text{ }l\backslash \text{ }\mathrm{f}\mathrm{f}\Phi_{\backslash }4*\text{ }\Re \text{ }\#\mathrm{I}’\not\in 1\mathrm{h}h(\tau)\text{ }^{}E(\alpha_{i}q(i,e,0,t)+\beta_{i}q(i,e,1,t))+h(t+1)\mathrm{B}^{\mathrm{i}}\mathrm{f}\mathrm{f}\mathrm{B}\text{ }J\mathrm{s}^{\vee}i}}\backslash \cdot’..’$ .
, .
$(P_{m}^{T})$ $\min h(\tau)$
$s.t$ . $h(t) \geq\Phi(t)\sum(\alpha_{i}q(i, e, 0, t)+\beta iq(i, e, 1, t))+h(t+1),$ $\mathrm{i}\in K,$ $t=\tau,$ $\cdots,T$ –1(16)
$\epsilon\in E$
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$h(T) \geq\Phi(T)\sum(\alpha_{i}q(i, e, 0, T)+\beta_{i}q(i, e, 1, T)),$ $i\in K$ (17)
$e\in E$
$q(i, e, s, t)= \sum_{\mathrm{f}\in S}\sum_{j\in C(i,e,t)}v(i, e, s, t,j, r),$
$i\in K,$ $e\in E,$ $s\in S,$ $t=1,$ $\cdots,$ $T-1$ (18)
$q(i, e, s, t)= \sum_{\mathrm{r}\in Sj\in C}.\sum_{(r,i,\mathrm{e},t)}v(j, e+\mu(j, i)-\delta r, r, t-1, i, s)$
,
$i\in K,$ $e\in E,$ $s\in S,t=2,$ $\cdots,$ $T$ (19)
$\sum\sum q(i, e_{\mathit{0}}, s, 1)=1$ (20)
$i\in S_{0_{S\in S}}$
$\sum\sum\sum q(i, e, s, t)=1,$ $t\in T$ (21)
$i\epsilon K\epsilon\in Es\in S$
$v(i, e, s,t,j,r)\geq 0,$ $i,j\in K,$ $e\in E,$ $s,$ $r\in S,$ $t=1,$ $\cdots,$ $T-1$ . (22)




. $w$ ($i,$ $e$ , s, t) , (i, e, $s$ , t)
. \tau ,
$t,$ $t+1(\leq\tau)$ $w(\cdot)$ .
$w(i,e, s,t)=$ $\min\min w(j, e-\mu(i,j)+\delta s, r, t+1)$ . (23)
$i\in C(i,e,t)_{\mathrm{f}\in}S$
\tau , t (\alpha i(l--s)+\beta is)\mbox{\boldmath $\varphi$}(i, t)
, .
$w(i, e, s, t)=$ $\min$ $\min\{(\alpha_{i}(1-s)+\beta_{i}s)\varphi(i, t)+w(j, e-\mu(i,j)+\delta s, r, t+1)\}$. (24)
$j\in C(:,e,t)_{\mathrm{r}\in}S$
, $\text{ }\min_{i\in S_{0}}\min_{s\in S}w(\mathrm{i}, e_{\mathit{0}}, s, 1)$
, .
$(P_{m}^{S})$ $\max\xi$
$s.t$ . $w(i, e_{0}, s, 1)\geq\xi,$ $i\in S_{0},$ $s\in S$ (25)
$w(i, e, s, 1)=0,$ $i\in K,$ $e\in E\backslash \{e_{0}\},$ $s\in S$
$w(i, e, s, 1)=0,$ $i\in K\backslash S_{0},$ $e\in E,$ $s\in S$
$w(i, e, s, t)\leq w(j, e-\mu(i,j)+\delta s, r, t+1)$ ,
$i\in K,$ $j\in C(i, e, t),$ $e\in E,$ $s,$ $r\in S,$ $t=1,$ $\cdots,\tau-1$
$w(i, e, 0,t)\leq\alpha_{1}\varphi(i,t)+w(j, e-\mu(i,j), r, t+1)$ ,
$i\in K,$ $j\in C(i, e,t),$ $e\in E,$ $r\in S,$ $t=\tau,$ $\cdots,T-1$
$w(i, e, 1,t)\leq\beta_{i}\varphi(i,t)+w(j, e-\mu(i,j)+\delta, r, t+1)$ ,
$i\in K,$ $j\in C(i, e, t),$ $e\in E,$ $r\in S,$ $t=\tau,$ $\cdots,T-1$
$w(i, e, 0,T)=\alpha_{i}\varphi(i,T),$ $i\in K,$ $e\in E$
$w(i, e, 1,T)=\beta_{l}\varphi(i,T),$ $i\in K,$ $e\in E$
$\sum\varphi(i, t)=\Phi(t),$ $t=\tau,$ $\cdots,T$
$:\epsilon K$
$\varphi(i, t)\geq 0,$ $i\in K,$ $t=\tau,$ $\cdots,T$.
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2 (PS), $(P^{T})$ , $(P_{m}^{S})$ $(P_{m}^{T})$
, . ,
.
2 , $(P_{m}^{T})$ $(P_{\mathrm{m}}^{S})$ .
\mbox{\boldmath $\varphi$}* , (Pms) , (PD (1 (17)
, $q^{*}(\cdot),$ $v^{*}(\cdot)$ , $(P_{m}^{T})$
.
4
, $K\cross T=\{1, \cdots, 9\}\cross\{1, \cdots, 7\}$ $t=1$ $So=\{1\}$
, $\tau=2$
. 1,2, $\cdot$ . . , 9 ,
3 . , $N(i, t)=\{i-3, i-2, \cdots, i, \cdots, i+3\}\cap K$
. $e_{\mathit{0}}=4$ ,
$\mu(i,j)=|i-j|^{2}$ . ,
$(s=0)$ $(s=1)$ , $s=0$
, $\alpha_{i}=1$ .
$s=1$ $\beta_{1}$ 15 . , $s=1$
$\delta=1$ .
, (14) , $\alpha_{i}\sum_{e}q(i, e, 0, t)+\beta_{1}\Sigma_{\epsilon}q(i, e, 1, t)$ $t$ $i$
,
. , t
. - , \mbox{\boldmath $\varphi$}(i, t)
, ,
.
, . 1 ,
L\Sigma 8q(i, e, $s$ , t) , t, * 7 . 2 ,
2 , \Sigma , q(i, e, l, t) ,
Lq(i, e, 0, t) . , 3 .
4 . s=1
, 2 , ,





. 1 , ,
. , 3
(t, i)= $(7,8)$ ,
.
, 3 , 4
, – ,




. , (t, $i$ ) $=(6,6),$ $(6,7)$










8 $\mathit{0}$ $\mathit{0}$ $\mathit{0}$ $\mathit{0}$ $0$ $0$ 0.081
7 $0$ $\mathit{0}$ $\mathit{0}$ $0$ $0$ 0.115 0.131
6 $0$ $\mathit{0}$ $\mathit{0}$ $0$ 0.118 0.108 0.131
5 $\mathit{0}$ $\mathit{0}$ $0$ 0.153 0.176 0.155 0.131
4 $0$ $0$ 0.194 0.212 0.176 0.155 0.131
3 $0$ 0.333 0.268 0.212 0.176 0.155 0.131
2 $0$ 0.333 0.269 0.212 0.176 0.155 0.131
$=\mathrm{c}\mathrm{e}\mathrm{l}\mathrm{k}\mathrm{t}=\mathrm{l}\mathrm{t}=2\mathrm{t}=3\mathrm{t}=4\mathrm{t}=5\mathrm{t}=6\mathrm{t}=7\mathrm{l}$









0.035 0.176 0.155 0.131
$\frac{4\mathit{0}\mathit{0}}{0\mathit{0}0.0030000}$
0.044 0.212 0.176 0.155 0.131
$\frac{3}{000\mathit{0}000}$
$\mathit{0}$ 0.333 0.265 0.212 0.176 0.155 0.131
$\frac{2}{0.750\mathit{0}0000}$
$0$ 0.333 0.269 0.212 0.176 0.155 0.131
$=\mathrm{c}\mathrm{e}\mathrm{l}\mathrm{k}\mathrm{t}=\mathrm{l}\mathrm{t}=2\mathrm{t}=3\mathrm{t}=4\mathrm{t}=5\mathrm{t}=6\mathrm{t}=7\mathrm{l}$
0.25 0.333 0.269 0.212 0.176 0.155 0.131
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3.
9 $0$ $0$ $0$ $0$ $0$ $0$ $0$
8 $0$ $0$ $0$ $0$ $0$ $0$ 0.095
7 $0$ $0$ $0$ $0$ $0$ 0.155 0.131
6 $0$ $\mathit{0}$ $\mathit{0}$ $\mathit{0}$ 0.176 0.155 0.131
5 $0$ $0$ $0$ 0.212 0.176 0.155 0.131
4 $\mathit{0}$ $0$ 0.269 0.212 0.176 0.155 0.131
3 $0$ 0.333 0.269 0.212 0.176 0.155 0.131
2 $0$ 0.333 0.269 0.212 0.176 0.155 0.131
$=\mathrm{c}\mathrm{e}\mathrm{l}\mathrm{k}\mathrm{t}=\mathrm{l}\mathrm{t}=2\mathrm{l}$
.
$\mathrm{t}=3$ $\mathrm{t}=4$ $\mathrm{t}=5$ $\mathrm{t}=6$ $\mathrm{t}=7$
1.375 0.333 0.269 0.212 0.176 0.155 0.131
4.
$\overline{90000\mathit{0}\mathit{0}}$
8 $0$ $0$ $0$ $\mathit{0}$ $0$ $0$
7 $\mathit{0}$ $0$ $\mathit{0}$ $0$ 0.148 0.074
6 $\mathit{0}$ $0$ $0$ 0.138 0.148 0.148
5 $\mathit{0}$ $0$ 0.093 0.172 0.148 0.156
4 $0$ 0.25 0.227 0.172 0.139 0.156
3 0.333 0.25 0.227 0.172 0.139 0.156
2 0.333 0.25 0.227 0.172 0.139 0.156
$=\mathrm{c}\mathrm{e}\mathrm{l}\mathrm{k}\mathrm{t}=\mathrm{l}\mathrm{t}=2\mathrm{t}=3\mathrm{t}=4\mathrm{t}=5\mathrm{t}=6\mathrm{t}=7\mathrm{l}$
0.333 0.25 0.227 0.172 0.139 0.156
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